Objective: Atrial fibrillation (AF) has been shown in numerous studies to significantly decrease patient's quality of life. The Cox-Maze procedure has excellent long-term efficacy in curing AF. However, it is unknown whether this procedure improves long-term quality of life in these patients. The purpose of this study was to examine late quality of life in patients who underwent a lone Cox-Maze procedure. Methods: Between 1987 and 2003, 163 patients underwent a Cox-Maze procedure for lone AF at our institution. Of these, 68 patients agreed and completed the Medical Outcomes Study Short Form 36 Health Survey. Scores from the age-matched general U.S. population were normalized to a mean of 50 and standard deviation of 10 to facilitate comparison. Collected data were compared with the norm-based score for each domain using a one-sample t test. Four patients were removed from the analysis because of AF recurrence. Results: There were 52 males (81%). Mean age was 52.6 Ϯ 9.5 years. Preoperatively, 37 patients (58%) had paroxysmal and 25 patients (39%) had persistent or permanent AF. The mean duration of AF before surgery was 9.8 Ϯ 8.2 years. There was no statistical difference in norm-based scores between the Cox-Maze procedure group and the age-matched general U.S. population in any of the eight health domains at a mean follow-up of 8.7 Ϯ 3.7 years. Conclusion: Our results suggest that the Cox-Maze procedure cures AF in the majority of patients, and that those patients who are cured had a normal quality of life when compared with the general population at late follow-up.
A trial fibrillation (AF) is the most common of all sustained cardiac arrhythmias. 1 The morbidity associated with AF includes patient discomfort and anxiety, hemodynamic com-promise, thromboembolic complications, and others. 2 These symptoms lead to a significant impairment in quality of life in patients with AF, comparable with patients with a recent myocardial infarction or congestive heart failure. 3 Current management of AF includes antiarrhythmic drug therapy, cardioversion, percutaneous transcatheter ablation, and surgery. Although drugs can induce chemical cardioversion, their failure rate in some series is as high as 60% at 12-month follow-up. 4 Additionally, rate and rhythm controls have not improved the quality of life in AF patients to the levels comparable with age-matched healthy individuals. 5 First implemented in the late 1980s, the Cox-Maze procedure has become the gold standard for the surgical treatment of AF. It effectively restores both atrioventricular synchrony and a regular heartbeat, and virtually eliminates the late risk of thromboembolism and stroke. 6 -9 Long-term success rates have been reported in excess of 90% at our institution and by others around the world. 9 -14 The procedure consists of a series of maze-like incisions or ablations on both atria originally designed to prevent the macro-reentrant circuits that were felt to be responsible for AF. 6, 15 After the first two iterations of the Cox-Maze procedure, the Cox-Maze III was first performed in 1988 and became the standard surgical treatment of AF for more than a decade. 7, 9 Recently, various energy sources have been used to create ablation lines to replace the surgical incisions of the procedure including unipolar radiofrequency, microwave, laser, high-frequency ultrasound, and cryoablation. 16 -23 At our institution, this technology led to the development of the Cox-Maze IV, which was first performed in 2002. In this procedure many of the cut and sew lesions of the traditional version are replaced with linear lines of ablation using bipolar radiofrequency energy. 14 This energy source was chosen due to its efficacy and speed at creating long transmural lesions. Our early experience with the simplified procedure recorded comparable success rates with the Cox-Maze III procedure with freedom from AF at last follow-up of Ͼ90%. 24 -26 Despite the high success rate of the Cox-Maze procedure, little information exists on the effect of the surgery on quality of life. The purpose of this study was to examine the impact on late quality of life in patients treated for AF by a lone Cox-Maze procedure.
PATIENTS AND METHODS
Between 1987 and 2003, 163 patients underwent a lone Cox-Maze procedure for the treatment of AF. The patients' clinical profiles and postoperative outcomes were recorded prospectively in a computerized database.
To assess health-related quality of life, patients were mailed the Medical Outcomes Study 36-Item Short Form Health Survey (SF-36). 27, 28 The SF-36 measured the following eight quality of life health domains: physical functioning, role physical, bodily pain, general health, vitality, social functioning, role emotional, and mental health. The scores may range from 0 (worst) to 100 (best). To allow comparison of the general U.S. population with Cox-Maze proceduretreated AF patients, age-matched general U.S. population scores were normalized to a mean of 50 and a standard deviation of 10. 27, 28 Sixty-eight (42%) patients agreed and completed the SF-36 questionnaire. Data collected from the completed SF-36 questionnaires were compared with the normalized, age-matched general U.S. population scores. Patients had follow-up visits scheduled for 1, 3, 6, and 12 months postoperatively and were then followed-up annually. At all follow-up visits, a history and physical examination and an electrocardiogram were obtained. For patients who could not return to our institution, telephone questionnaires were performed and electrocardiograms were obtained from referring physicians to document the heart rhythm. In patients with symptoms of palpitations, holter or event monitoring was obtained to assess their rhythm status. Four of the 68 (6%) patients were excluded from analysis because of AF recurrence.
Statistical analyses were completed using QualityMetric Inc. licensed scoring software (Lincoln, RI). Comparison of the age-matched general U.S. population with the lone Cox-Maze treated patients was made using a two-tailed one-sample t test. The null hypothesis was rejected at a P value Ͻ0.05. Values reported in the tables and text are mean Ϯ SD (unless otherwise noted).
This study was approved by the Washington University School of Medicine/Barnes-Jewish Hospital Institutional Review Board. Informed consent and permission for the release of information were obtained from each participant.
RESULTS

Patient Demographics
Fifty-two (81%) of the patients were men and 12 (19%) were women, with the mean age of 52.6 Ϯ 9.5 years (range, 31-73 years). There were 38 (59%) patients with paroxysmal AF and 26 (41%) with persistent or permanent AF. The mean preoperative duration of AF was 9.8 Ϯ 8.2 years (range, 1-39 years; Table 1 ). Mean New York Heart Association heart failure class was 1.2 Ϯ 0.6, whereas 4.7% (3/64) of patients were New York Heart Association class III or IV.
Surgical Characteristics
Indications for surgery were arrhythmia intolerance (n ϭ 45, 70%), medication failure (n ϭ 8, 13%), transient ischemic attack (n ϭ 8, 13%), and cerebrovascular accident (n ϭ 3, 5%). The versions of the Cox-Maze procedure have been previously described. 13, 14 Eleven (17%) patients received the Cox-Maze I procedure, 6 (9%) the Cox-Maze II, 44 (69%) the Cox-Maze III, and 3 (5%) the Cox-Maze IV. Surgical complications included stroke (two patients), mediastinitis (two patients), reoperation for bleeding (three patients), atrial tachyarrhythmia (24 patients), and pacemaker placement (14 patients). Median length of hospital stay was 10 days (range, 4 -42 days). There was no statistical difference in norm-based scores between the Cox-Maze procedure group and the age-matched general U.S. population in any of the eight health domains measured by the SF-36 survey ( Table 2 ; Fig. 1 ).
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DISCUSSION
The Cox-Maze procedure is highly effective in the long-term treatment of AF and essentially eliminates the incidence of stroke. 8, 9, 11, 12 In the past, the success of this procedure and other treatments of AF has been evaluated based on late freedom from recurrent AF. However, even though the efficacy of the Cox-Maze procedure is well documented for curing AF, the effects of the surgery on the quality of life have only been examined in a single study of 48 patients. 29 In contrast, the impact of AF intervention strategies on the quality of life has been examined much more extensively for the current medical treatment modalities. The first-line treatment for patients suffering from AF is rate or rhythm control. Even the rhythm control treatment strategy offers only a limited cure rate, as the recurrence of AF at 1 year averages about 50%, with some antiarrhythmic drugs showing failure rates as high as 30% to 60%. 4, 30 Few studies have found some improvement in quality of life with medical treatment, 31 but several have found no improvement or even a decrease. Quality of life of this treatment option was evaluated by investigators of the Atrial Fibrillation Follow-up Investigation of Rhythm Management study. They found that not only was quality of life decreased in both pharmacologic treatment strategies of rate and rhythm control, but also that quality of life was also similarly decreased in unsuccessfully treated patients (those who remained in AF) compared with those who reverted to sinus rhythm. 5 Comparable findings were revealed in the Rate Control Versus Electrical Cardioversion study. 32 These investigators found only a minor improvement in quality of life with rate control and no significant change with rhythm control. Researchers in the double-blind, placebo-controlled Sotalol Amiodarone AF Efficacy Trial demonstrated no significant differences in the quality of life scores from baseline and at a 12 month follow-up in the sotalol, amiodarone, and placebo randomized groups except for a decrease in the mental health score in the amiodarone group. 33 In contrast, this study revealed that after a successful surgical procedure patients reported health scores equivalent to a healthy age-matched population.
Recently, studies have shown that ectopic foci located in the pulmonary veins are responsible for the initiation of AF in a majority of patients with paroxysmal AF. 34 This finding has led investigators to examine the effects of catheter-based pulmonary vein isolation as a therapeutic technique. Early data suggest that pulmonary vein ablation may be a more effective treatment of curing AF than antiarrhythmic drug therapy alone, with success rates using pulmonary vein ablation therapy still between 52% and 87%. Pulmonary vein ablation therapy has been shown to increase quality of life from baseline in several studies at 3 to 12 months of follow-up. [35] [36] [37] The Cox-Maze procedure has demonstrated cures rates consistently exceeding 90% in the treatment of AF, and this high efficacy was maintained in this study population (94%). However, in the past little attention has been given to this treatment strategy impacts quality of life. Using the SF-36 survey, the effect of the Cox-Maze procedure on postoperative quality of life was examined. This form has been used extensively in many studies, and the detailed explanation of its implementation and interpretation can be found in the literature. 27, 28 When quality of life was examined, scores in all eight subscales of the SF-36 were equivalent to agematched general U.S. population scores. Although these patients who underwent the Cox-Maze procedure did not have a baseline survey, they likely suffered from the same physical and emotional complaints as previously reviewed patients with AF. 3 Swedish patients who underwent a Cox-Maze procedure had significantly lower quality of life scores before surgery on all scales, except for bodily pain, than for the age-matched general Swedish population. 29 Indeed, in this population the patients may have suffered more than the general population with the disease, as they have pursued aggressive surgical treatment to seek relief of symptoms. Our data suggest that the Cox-Maze procedure cures AF in the majority of patients, and it also allows them to obtain a normal quality of life at late follow-up compared with age-matched general U.S. population. Patients who suffer from the myriad of symptoms from AF should be offered surgery for treatment, as it is efficacious in curing the disease as well as restoring patients to a normal quality of life.
Study Limitations
This study lacks baseline SF-36 scores from patients undergoing the Cox-Maze procedure, which would have been helpful for comparison. To associate an improvement in quality of life directly to the procedure, these data should have been obtained. However, the decreased quality of life in this patient population has been well described. A randomized, prospective trial comparing quality of life between Cox-Maze, pulmonary vein ablation, and drug-treated groups would be desirable to determine which intervention provided the best outcome.
A sampling bias may exist in this study, as 42% of people responded to questionnaires. A higher participation may have revealed a difference in quality of life versus controls. Finally, this study was completed for patients who had the Cox-Maze procedure for lone AF, and not with concomitant cardiac disease. These results may not be generalizable to patients with concomitant heart pathology.
